In this article, a possible interpretation of the pentaquark candidates recently observed at LHCb is given. We show that the reaction dynamics and the peculare kinematics situation can produce the peak in the spectrum and the sharp phase motion. The mechanism called triangle singularity likely causes the appearance of the new pentaquarks candidates.
Introduction
The search for pentaquarks has a long-time history. The light states have been predicted and discovered, but then was closed several years later [1] . Recently, the resonace-like signals observed by the LHCb collaboration brought back the attention to the subject. The decay of Λ b was studied in the mode K − J/Ψ p [2] . Even the raw J/Ψ p spectrum shows the peak around 4450 MeV. Impressive work on splitting the observed intensity of the process to different components employing the isobar model has been done to show that known resonances are not enough to describe the mass-and angular-distributions. Thus, the two additional resonances P c (4380) and P c (4450) have been introduced. The authors carefully studied the complex amplitude and showed that it behaved as a circle in the Argon-diagram. The quark content of the pentaquark could be uudcc. That states might open new region in the particle physics. The such pentaquark uudcc could mix with the proton explaining the intrinsic charm effect [3] . The new observed resonace-like signals were also immediately interpreted as a meson-baryon molecules be several groups [4, 5] .
We are giving another interpretation, in which the enhancement in the spectrum with the phase motion does not correspond to a resonance and a pole in the amplitude. Rather, it is caused by the rescattering of known particles in the triangle diagram in such way to introduce a logarithmic branching point in the amplitude very close to the physical region. The process with rescattering of kaons in a triangle diagram was employed to describe C-meson (φπ final state) in ninetieth [6] for Lepton-F experiment [7] , a 1 (1420) in ref. [8] (3π final state), observed by the COMPASS and VES experiments [9, 10] , the structure of η(1405)/η(1440) in ref. [11] for BESIII experiment.
In this paper, we are presenting a study of the reaction
showing the importance of the triangle rescattering in unredstanding of the J/Ψ p stectrum. The similar idea is discussed in the ref. [12, 13] , considering different loops.
The paper will be structured in this way that we will first demonstrate that the reaction
is well fitted by the quark model. The second section is dedicated to the calculation. There we will explain in details why the reaction were chosen for the consideration. In the third section we will show the results of our calculation and compare them to the resonances parametrization obtained by LHCb. At the end, the issues of the approach will be discussed.
Quark level
Based on the quark composition of the final state particles we may conclude that the weak process takes place with a b → c quark transition and an appearance of a strange quark paired with a c-quark. The direct diagrams of such processes are shown in the ref. [2] . The state D 
The location of the branching point
First, consider the process of rescattering of scalar particles with infinite small widths, which is shown at the right side of Fig. 1 . The amplitude for the tringle diagram can be written as:
where
i,µ − iε corresponds to the inverse scalar propagator of the particle i and k 1,µ is the momentum in the loop. s 0 , s 1 , s 23 are external invariants denoted in Fig. 1 . The integral results in a singularity when the integration domain is pinched by singularities of the integrand. The mathematics was firstly developed by Landau [14] and is well described in the book [15] . We are using the Feynman approach to calculate the integral. The expression for A sc ∆ is giving in the ref. [8] . Sometimes, the dispersion representation of the integral is used for the calculation of it and the position of singularity [16, 17, 18] .
We are discussing the amplitude as a function of s 23 , assuming that the other variables are fixed. The positions of singularities in the compex s 23 plane are given by Eq. 2.
Here, k iµ is four-momentum of a particle in the loop, m i is the corresponding mass, i = 1, 2, 3. x, y, z are Feynman parameters, which is unknown in the equation. The system of equations is overdetermined. Thus, firstly, we require the system to be solvable, that determins the position of singularities. Whether one of them is at the physical region (on the real axis) can be checked via the conditions:
The singularities correspond to the kinematics when all particles are on mass shell and all 4-momentum conservation laws are hold. The check conditions are valid if D 0 can catch up Σ c (catch up condition) [16] . 0 as a pair to rescatter to J/Ψ p. While the masses of particles 2 and 3 are fixed, we can evaluate the mass of particle 3 to have the singularity at the physical region. Analysis of Eq. 2 gives the answer m 3 ∈ (3.07, 3.17) GeV. The lower limit comes from Eq. 3, the higher limit is just
. A meson with sc content with the mass closed to the obtained interval is D − sJ , based of PDG [19] . The value of masses used in the calculation is the following:
The situation when the logarithmic singularity appears in the physical region breaks unitarity and it is unphysical. Such confusion is caused by our assumption about infinite small widths of the interacting particles. The finite widths of the recattering particle remove singularity slightly away from the real axis, making the amplitude smooth. The simplest way to evaluate such an amplitude is just replace iε on the propagators to im i Γ i . The more complicated substitution with the energy dependent width would give the same result, because the widths are small. The width of Σ + c (2455) has not been measured, but it seems to be the biggest width of the particle in the triangle. Since the value is unknown, We use the same as for the Σ 0 c , namely Γ Σ + c = 2.2 MeV. When the branching point are not in the physical region, but close to (like in our situation), the finite widths just wash out the amplitude. The real and the imaginary part of the amplitude are shown in Fig. 2. 
Mass distribution
We compare the J/Ψ p peaks from the experimental fit with our amplitude. For that we construct the differential width dΓ Λ b →K − J/Ψ p /ds 23 for the amplitude with the triangle rescattering dΓ ∆ /ds 23 and with Breit-Wigner functions from the experimental fit. The differential phase space of the 3-body final state is denoted as dΦ 3 /ds 23 and is given by Eq. 4.
where λ(x, y, z) = x 2 + y 2 + z 2 − 2(xy + yz + zx) is the Kallen function. The differential width can be calculated as Eq. 5.
The differential width for our amplitude is plotted in Fig. 3 The intensity of the triangle rescattering process has a peak at the position of narrow pentaquark candidate. Left shoulder looks similar to second pantaquark candidate. The phase of amplitude A sc ∆ makes a circle at the Argon diagram, similar to resonance behaviour.
Conclusion
The narrow resonance-like structure in the spectrum J/Ψ p can be produced by the logarithmic branching point in the amplitude. The discription of the effect does not require new poles for binding states. The position of the peak and the phase motion are determined by the masses of the rescattering particles. The applied approach shows that the observed peaks and the phases likely originate from the rescattering.
Nevertheless, our consideration is very simple. We would like to discuss a list of points, which have to be done more accurate to finally clarity the effect.
1. Spin, angular momentum structure, parametrization of the vertexes: we have calculated the amplitude with the scalar particles, which is not correct. The spin of particles in the loop and non-zero the angular momentum indeed change the shape of the distribution, but not the position of the logarithmic branching point. The interaction D 0 Σ c → J/Ψp could differ to constant interection father from threshold.
2. Other processes and higher order rescattering: the calculation of full amplitude with three body final state is rather a complicated problem. All possible two body rescattering was taking into accout for the reactions where only elastic scattering takes place, i.g. ω/φ → 3π, η → 3π [20, 21, 22] . In presence of many unelastic channels the problem becomes extrimely complicated and has not been solved up to now.
3. Couplings and relative strength: the addtional qulitative check can be done if the strength of effect is predicted. The calculation of cross-section requires knowledge of the couplings for all vertexes.
